The incidence of squamous cell carcinoma of the anus, anal canal, and anorectum (SCCA) has increased over time. However, there are still no national guidelines on screening for SCCA among high-risk populations. Providers at University of California, San Francisco have been at the forefront of providing anal dysplasia screening. To determine whether such a screening program allows for earlier detection of abnormalities and consequently, improves patient survival, we conducted an ecological study using data from the Surveillance, Epidemiology, and End Results (SEER) program to compare the San Francisco-Oakland catchment area (SF-O) to other SEER sites where routine screening has not been as accessible. Cox regression models were utilized to assess the impact of residing in the SF-O region, versus other SEER sites, on cause-specific mortality hazard. Logistic regression was used to determine if site was associated with the probability of having an in situ versus invasive tumor among SCCA cases. All analyses were stratified on calendar time (1985-1995 and 1996-2008) to compare differences pre-and post-highly active anti-retroviral therapy. Among SCCA cases, being reported by the SF-O registry was associated with a four fold higher probability of having an in situ tumor (rather than an invasive tumor) [95% CI: 3.48-4.61], compared to sites outside of California, between 1996 and 2008. Cases reported from the SF-O region between 1996 and 2008 had a 39% lower mortality risk than those reported from registries outside California (95% CI: 0.51-0.72). However, there was no decrease in the rate of invasive SCCA over this period. This is the first ecological study to evaluate whether access to anal cancer screening programs may help improve patient survival by allowing for earlier detection of lesions. Our results imply that routine screening programs may help detect SCCA at an earlier stage and thus, potentially impact patient survival.
Introduction
Although rare in the U.S., squamous cell carcinoma of the anal canal comprises approximately 2% of all intestinal cancers globally [1, 2] . Risk factors include infection with human papillomavirus (HPV) and immunosuppression [3] . In the U.S. and other developed countries, the incidence of squamous cell carcinoma of the anus, anal canal, and anorectum (SCCA) has continually increased over the last several decades [4, 5, 6, 7] . SCCA incidence is higher among women [8] , HIV-positive populations [9] , and men who have sex with men (MSM) [7, 9, 10] . The highest risk population is HIV-infected MSM, among whom the incidence has been estimated to be 30-100 times the general population [9, 11, 12, 13] . Although early-stage SCCA is readily treatable with chemotherapy and radiation, in the U.S., 5-year survival is about 80% for those with localized disease and about 20% for individuals with metastatic disease [5] .
Despite its increasing incidence and the morbidity and mortality associated with this disease, there are still no national guidelines on screening for SCCA among high-risk populations [3, 4, 14, 15] . Cytologic screening and/or HPV DNA testing for SCCA could potentially reduce both incidence and mortality by allowing for early detection and treatment of its associated precursor lesions, high-grade anal intraepithelial neoplasia (HGAIN). The etiologic and biologic similarities between cervical and anal cancer [16] suggest that cervical cancer screening guidelines could be used as a model for anal cancer screening for high-risk populations [17, 18] . Although no randomized clinical trials have been conducted to verify the efficacy of anal cancer screening strategies, some evidence suggests that serial anal cytology testing is a sensitive method for detection of HGAIN [4, 19] . Furthermore, there is evidence that routine anal cytology, high resolution anoscopy (examination under magnification of the anal canal, similar to colposcopy), and treatment of HGAIN would be a cost-effective method of SCCA prevention among selective high risk populations, such as HIV-infected MSM [17, 18] .
Until very recently, few geographic areas have had multiple providers routinely offering anal dysplasia screening programs. However, providers in San Francisco, California have been at the forefront of providing anal dysplasia screening targeted towards high-risk populations. For example, there have been five providers in the San Francisco area practicing for the last decade [20] . In particular, the Anal Dysplasia Clinic at the University of California, San Francisco (UCSF) Cancer Center was the first clinic to conduct clinical research on anal cytology screening. This clinic has not only been one of the few clinics in the U.S. that has offered routine anal cancer screening since approximately 1991, but has also provided training in anal dysplasia screening and has helped set the precedent for anal dysplasia screening and treatment in the U.S. (J.M. Berry; personal communication; July 6, 2011) . In order to determine whether such a screening program allows for earlier detection of abnormalities and in turn, improves patient survival, we conducted an ecological study using data from the Surveillance, Epidemiology, and End Results (SEER) program of the National Cancer Institute. Specifically, we compared SCCA incidence and survival over time (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) in the San Francisco-Oakland SEER catchment area (SF-O) to other SEER regions from the rest of California and the rest of the United States in which routine screening has not been as readily available. Additionally, we provided analyses from the pre-HAART era (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) for comparison.
Methods

Study Population: SEER Data
The SEER program provides publicly available cancer incidence and survival data for approximately 28% of the U.S. population [21] . We utilized the most recent SEER dataset From the full SEER dataset, we restricted our case definition to individuals with first primary squamous cell cancer (ICD-O-3 8010-8089) at anatomic sites coded C21.0, C21.1, and C21.8 (anus, anal canal, and anorectum). Data on date of diagnosis, stage at diagnosis (in situ, localized/regional direct extension, distal metastasis), radiation therapy, surgery, patient demographics, follow-up time, and cause-specific mortality was obtained. Cancerdirected treatment was defined as any cancer-directed surgery or radiation therapy.
Because of the major changes over time due to the rise of the HIV/AIDS epidemic in the early 1980s and the development of HAART [19] , cases diagnosed between 1985 and the initiation of the HAART era (1996) were analyzed separately for comparison to the post-HAART, post-screening years between 1996 and 2008.
Statistical Analysis
All analyses were conducted separately for the pre-and post-HAART eras (1985-1995 and 1996-2008) . Demographics of SCCA cases, as well as tumor characteristics, were compared between cases by reporting registry site, using X 2 tests. Both crude and age-standardized annual incidence rates were calculated and graphed over time. Population standards were obtained from U.S. Census data, and direct standardization was used to agestandardize to the 2000 U.S. population. Logistic regression was used to determine which factors were associated with the probability of having an in situ versus invasive tumor among the SCCA cases. Variables included in the model were registry site, age, race, year of diagnosis, and sex.
Kaplan-Meier survival curves were constructed to visualize differences in survival probability over time by characteristics of interest, and log-rank tests were used to determine whether these differences were statistically significant (a = 0.05). Cox regression models were utilized to evaluate the impact of being in the SF-O region, compared to the rest of California and/or other SEER sites (where routine screening has not been as widely available), on cause-specific mortality hazard over time. Covariates included in the multivariable Cox model were those that were unlikely to be directly involved in the causal pathway that explains how screening could impact survival. These variables were age at diagnosis, diagnosis year, sex, race, and whether the patient received cancer-directed treatment after diagnosis. An additional model adjusting for stage at diagnosis was also run for comparative purposes. However, it should be noted that including stage in the model may obfuscate the pathway determining how routine screening influences survival. All statistical analyses were conducted in SAS version 9.0 (Cary, NC) and STATA 12 (College Station, TX).
Results
Approximately 15.2% (n = 1602) of the SCCA cases reported to SEER between 1996 and 2008 were from the SF-O region, whereas a higher proportion (24.3%, n = 428) were reported from SF-O between 1985 and 1995. The distributions of the demographic characteristics examined were significantly different between SF-O and the other SEER registries (Tables 1 & 2) . Cases reported from the SF-O registry were more likely to be younger and male, whereas cases from other registries had a more equal sex distribution and tended to be older. The majority of cases across all registries were non-Hispanic white. For both pre-and post-HAART eras, lesions diagnosed in the SF-O region were more likely to be in situ and were more commonly tumors of the anus, rather than of the anorectum or anal canal. Figure 1A-C shows the age-standardized annual incidences of SCCA between 1996 and 2008 by registry site and sex. Overall, there has been a consistent increase in incidence of SCCA over time. Although the increased incidence among women is subtle, there was a substantially increased incidence among men in SF-O. This pronounced increase among men was partially driven by an increase in the number of male in situ cases reported from the SF-O region (Figure 2) .
Among SCCA cases diagnosed in the post-HAART era, being reported by the SF-O registry was associated with a four fold higher probability of having an in situ tumor (as opposed to an invasive tumor) [95% CI: 3.48-4.60; Table 3 ]. Younger age was also strongly associated with the probability of having in situ, rather than invasive, SCCA (OR for #35 years old: 17.51, 95% CI: 13.87-22.11, compared to .65 years of age). In the post-HAART era, race/ethnicity was significantly associated with the odds of having in situ tumors. Being non-Hispanic white conferred the highest probability of having in situ rather than invasive SCCA, compared to other racial/ethnicity categories. Among cases diagnosed between 1985 and 1995, being reported by the SF-O registry was associated with a 41% higher risk of having an in situ, rather than invasive, tumor (95% CI: 1.06-1.89; Table 4 ).
Cases reported by the SF-O registry between 1996 and 2008 had better survival over time than those reported from elsewhere ( Figure 3 ). This differential survival probability was particularly prominent among males ( Figure 3B ; log rank p,0.0001). However, the survival advantages of SF-O-reported cases were not observed among cases diagnosed between 1985 and 1995 [data not shown]. Additionally, Figure 4 illustrates that regardless of SEER site, stage at diagnosis is a significant predictor of survival over time.
The results of the multivariable Cox regression models examining the association between registry site and mortality hazard, with and without adjustment for stage at diagnosis, are given in Tables 5 & 6 . In the post-HAART era, cases reported from the SF-O region had a 39% lower mortality risk than those located in a registry area outside of California (95% CI: 0.51-0.72), controlling for age at diagnosis, year of diagnosis, sex, race, and cancer-directed treatment. Further adjustment for stage resulted in an attenuation of this protective effect (HR for SF-O: 0.85, 95% CI: 0.72-1.02). Additionally, non-Hispanic black race was associated with a higher mortality hazard, regardless of adjustment for stage at diagnosis. In the pre-HAART era, cases reported from the SF-O region had a slightly higher mortality risk compared to cases reported from other sites, regardless of adjustment for stage, but this association was not statistically significant. Male sex and older age at diagnosis were associated with an increased mortality risk in both pre-and post-HAART models.
Discussion
To our knowledge this is the first ecological study to explore whether access to anal cancer screening programs may help improve patient survival by allowing for earlier detection and treatment of pre-malignant anal lesions. We specifically compared the incidence and outcomes of SCCA from other SEER registries in the U.S. to the SF-O SEER registry, because unlike other SEER-associated geographic areas, SF-O has several anal dysplasia clinics [20] , including the anal dysplasia clinic at UCSF, one of the most established anal dysplasia clinics in the U.S. Our results indicated that a large proportion of cases reported from the SF-O region had in situ SCCA at the time of diagnosis. In addition, the incidence rates of SCCA increased in all three areas; thus, we did not find that SCCA screening decreased incidence in SF-O. However, we found that being reported by the SF-O registry was significantly protective against SCCA mortality, compared to being reported from other SEER registries both inside and outside of California. Our study is one of the first to attempt to investigate what potential impact anal cancer screening programs have on patient survival.
Our results indicated that the incidence of SCCA has continually increased since 1996 in both SF-O and the U.S. in general. Although the incidence of invasive SCCA has not decreased, the higher incidence of SCCA observed in the SF-O region (Figure 1 ) is largely explained by increased rates of in situ SCCA among men (Figure 2 ). In fact, the incidence of in situ lesions among men in SF-O is much higher than in other SEER registries, but this higher observed incidence is likely due to detection bias. Because of the UCSF program, men in this area may be more likely to be screened (or targeted for screening), which in turn would increase the probability that in situ lesions would be detected and reported to SEER from the SF-O registry. However, this finding is notable also because HIV infection has been associated with an increased risk of SCCA, and the incidence of HIV/AIDS in San Francisco county is one of the highest incidences of HIV compared to most other SEER sites [22] .
Furthermore, we also found that overall survival for all SCCA was significantly longer for those reported from the SF-O registry in the HAART era (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) . Particularly, the Kaplan-Meier survival curves illustrate that SF-O patients, especially male patients, have better survival, but this likely correlates with the fact that diagnosis of in situ SCCA is associated with younger age (#35 years) and male gender in the multivariable model. Unlike the overall survival curves that include all SCCAs, the stagespecific survival of SF-O patients in the HAART era is similar to that of patients from other geographic regions, implying that the effectiveness of received treatment for invasive SCCA is similar across the country (Figure 4) . Thus, the observed survival difference seen through the Cox regression model (unadjusted for stage) may be due to earlier-stage detection and diagnosis of SCCA in the SF-O region. The improved survival could also be due to lead-time bias which is often associated with cancer screening. Depending on the magnitude of this bias, it is still possible that routine anal cancer screening may confer an important opportunity to detect and treat early stage disease, and consequently, reduce SCCA mortality. This is exactly the paradigm upon which cervical cancer screening programs are based. Previous research has shown that enabling factors, such as the presence of screening programs, are associated with the intention to seek anal cancer screening among high-risk populations. Specifically, D'Souza et al. found that MSM who believed that anal cancer screening was available in their community had a 2.2 times higher likelihood of intending to get screened within the next 6 months, even after adjustment for various demographic, biological, and behaviorial factors (95% CI: 1.7-2.8) [15] . Given that intention to seek a preventive health service has been shown to be strongly associated with subsequent use of such service, the availability of regional screening programs may be a strong predictor of participation in anal cancer screening among high risk groups.
One key limitation of our study was that individual-level data on participation in anal cancer screening was not available. Thus, we cannot state with certainty that the improved survival observed in the SF-O region is attributable to the availability of routine screening in the area. There is a possibility that all SEER sites may not have standardly reported the pathologic diagnosis of ''in situ'' cases, as opposed to anal intraepithelial neoplasia 3. As with any study in which examination of tumor samples by a study pathologist is not posssible, there is potential misclassification with regard to pathology. Because of this, the results presented here, particularly with regard to in situ tumors, should be interpreted with caution.
Additionally, when we controlled for stage at diagnosis in the Cox models, the protective effect associated with SF-O in the post-HAART era became attenuated and was no longer statistically significant. Earlier stage at diagosis is in the causal pathway between screening (and consequent early detection) and survival, but this does not discount the strong possibility that the survival benefit associated with the SF-O area may simply be due to lead time bias, particularly in the context of the distinct demographic profile of the SF-O cases. Thus, another limitation of this study is that the observed survival differential may be attributable to other differences between the SF-O patient population and the populations of other SEER sites. Cases from SF-O were generally younger than cases reported from other SEER sites. Although we cannot entirely account for residual confounding by age on the association between SEER site and survival, post-hoc survival analyses stratified by age indicated that being reported from the SF-O registry was generally associated with a protective effect in both younger and older subsets of cases. We also did not have information on HIV status of cancer cases and thus could not account for that in our models. However, we divided our analysis by the pre-HAART and the post-HAART eras, to partially determine the effect of HIV infection on SCCA incidence in the SEER registries. In addition, we adjusted for factors for which we had available data, but we did not have individual-level information on health care utility, socioeconomic status, baseline health status, and other such characteristics. Ideally, analyses that account for competing risks should be conducted in future studies that are equipped to do so in order to better clarify the potential survival benefit due to screening and early detection. We cannot conduct such analyses with the SEER dataset, as no information is available on comorbidities or other relevant variables. Nevertheless, this is the first and only study, to our knowledge, to capitalize on this large, publicly available dataset to attempt to study the role of screening in anal cancer prognosis.
Despite the increasing incidence of SCCA in the U.S. and other developed countries [5, 6, 7] , there are few providers who offer routine anal cancer screening. The lack of providers may partially be explained by the fact that there is little available evidence on the potentially beneficial impact of routine screening among high risk populations and no national screening guidelines for SCCA [3, 14] . However, given the high prevalence of high-grade AIN among MSM and HIV-positive individuals [23] , it is surprising that a randomized-controlled trial has not yet been conducted to show how screening may impact patient prognosis. In the absence of such a clinical trial, our results, in combination with the previous cost-effectiveness studies [17, 18] , provide preliminary evidence that routine anal cancer screening programs could potentially help detect SCCA at an earlier stage. Therefore, the impact such programs may make on patient survival warrants additional study.
